The aim of this study was to share the results from an experimental research which investigate the effects of link annotations in an educational hypermedia on students' navigation. This study was conducted through a post-test only control group design with 67 undergraduate students. The voluntary research participants were randomly assigned into the experimental and control group. The required data were collected through an academic achievement test, the Motivated Strategies for Learning Questionnaire, the Non-Linear Media Disorientation Assessment Tool, a questionnaire about users' opinions and user logs. The findings showed that the perceived disorientation scores and revisitation rates were significantly lower for the learners who studied in the adaptive environment than those in the non-adaptive environment. It was observed that students' non-sequential navigation in experimental group increased significantly and they followed the system's advices.
Introduction
E-learning platforms are being widely used by numerous educational institutions and commercial companies to train students and employees. However, due to the overabundance of information and possible navigational paths that a user can follow, users face a number of common difficulties associated with these environments (Brusilovsky, 1998; Conklin, 1987; Hammond, 1989) . Adaptive web-based learning systems, which have focused on providing personalized educational content and learning paths, are drawing increased attention among researchers and system designers' since their potential to solve navigation problems. Although there is a general agreement on the power of these systems to reduce disorientation problems, there is a lack of experimental research findings. This study aimed to share the results from an experimental effects of link annotations in adaptive learning systems on students' navigation was the primary motivation for this study.
Prior domain knowledge effects navigation in web based systems and more prior knowledge provides needed cognitive resources for browsing in non-linear platforms (McDonald & Stevenson 1998; Rouet, 2003; Amadieu et al, 2009 ). In the Introduction to Computing course, students typically have different levels of prior knowledge and interest which is a substantial problem in traditional classroom settings. In these courses, we generally observe that students having more prior knowledge easily become bored in first lessons or introduction to each topic and don't listen ongoing lessons. As a result, they also cannot learn new concepts/practices for them. At the same time, students having more interest always want to learn extra details and their classmates become angry or bored to their questions. For that reason, developing and using an adaptive learning system is important for Introduction to Computing course. Adaptive system that used in this study was including link annotations in content map to guide students about appropriate nodes according to their prior knowledge, their interests and nodes prerequisite relations. In this context, the second motivation for the present study was to provide experimental research findings about the effects of our educational adaptive system on the navigation of students studying to Introduction to Computing course.
The Aim of the Study
The purpose of this study was to investigate the effects of link adaptations in an educational hypermedia on students' navigation. With this general aim, our hypotheses were:
1. The experimental group would have lower perceived disorientation scores than the control group, 2. The experimental group would have higher rate of content map use than would the control group, 3. The experimental group would have lower revisitation rates than the control group, 4. The students who use adaptive educational hypermedia follow the system's recommendations.
Methodology
This study was conducted through a posttest control group quasi-experimental design using 75 undergraduate students in a large public university in Turkey. First, prior to assigning the students into the experimental and control group, all participants were administered the Motivated Strategies for Learning Questionnaire (MSLQ) and a pre-test. After collecting data with these instruments, participants were first rank ordered and then randomly assigned to two groups of similar sizes (experimental n = 37, control group n = 38) based on their perception of selfefficacy measured by MSLQ and pre-existing knowledge measured by pre-test.
The independent variable of the research was the web-based learning environment with two levels, the adaptive web-based learning environment and the non-adaptive web-based learning environment. The dependent variables were perceived disorientation, revisitation rates and the rate of content map use.
First and second year undergraduate students studying the course "Introduction to Computing" at Gazi University selected as research participants because learning environment included topics in computer aligned with the second year curriculum. Another reason was, in the Introduction to Computing course, students typically have different levels of prior knowledge and their interest in computers and preferences about learning content also differ. The adaptive systems may suggest relevant topics based on the students' prior knowledge, offer additional detailed information to those with more prior knowledge/interest or include alternative media types and identify the most relevant one based on the students' preferences. Therefore, the adaptations may be useful in this course.
Students were domain novices and they had never used before systematically web-based instructional environment for any other course. A total of 67 out of 75 students were used for the data analysis with eight cases deleted because of missing values, as they did not complete the applications or the questionnaires. There were 32 research participants in the experimental group and 35 research participants in the control group. Of the participants working in the adaptive environment, 78.12% were female (25 students), and the remaining 21.88% were male (7 students). Of the participants working in the non-adaptive environment, 51.43% were female (18 students) and the remaining 48.57% were male (17 students).
Learning material

General properties
A web-based learning environment in domain of Information and Communication Technologies in Education was developed for the experiment. The content of learning environment was focused on to teach the students about basic skills needed to use the document and word processing software "Microsoft Office Word." The web-based learning environment was developed using PHP (a server-side scripting language), MySQL database, and in order to increase user-software interaction, Ajax technology. The content of the learning environment included 7 main sections, with 94 topics and 22 additional explanations. Two versions of the instructional materials for each topic were created, either by videos in which the content was captured audio-visually using screenshot programs or in textual documents supported with visuals. These general properties were the same for either adaptive or non-adaptive learning environment.
Adaptive web-based learning environment
In designing the adaptive web-based learning environment, we used ideas from the literature about the four components of an adaptive learning system (De Bra, 1999; Brusilovsky, 1998; Butz, Hua, and Maquire, 2006; Zhang and Ghorbani, 2007; Weber, 1999) . In doing so, we have carefully considered the existing technologies and approaches about developing the components; domain model, student model, inference mechanism and adaptations. The functionality of each component within our adaptive system is detailed below.
Domain model
The domain model of the current system formed as a data repository that consisted of sections, sub-sections, topics and contents depending on the learning objectives for the Microsoft Office Word software. To construct domain model as a semantic network, prerequisite relations between the topics which means a topic or some topics has to be learned before a subject, were defined. In addition to prerequisite relations, additional explanations which consisted of more detailed information about some subjects were considered in the domain model. Then expert opinions were gathered about the domain model. Taking into consideration feedback and corrections from the experts, the domain model was reorganized.
Due to the literature emphasis on students lacking prerequisite knowledge do not significantly profit from instruction at all (Tobias, 1981; cited by Jonassen & Grabowski, 1993 pp. 420), we considered prerequisite relations in the domain model. In the domain model of the system, some topics did not have any prerequisites, some of them had only one prerequisite and the others had multiple prerequisites. Furthermore, for some topics, completing one of the multiple prerequisites was sufficient; however, for other topics, the completion of all of the prerequisite topics was required. If learning a topic depends on any of the multiple prerequisites, "or" condition was defined among the prerequisites. If several prerequisites has to be completed to learn a topic, a relation based on "and" condition was defined. If both conditions were exist, a relation based on both "and" and "or" conditions was defined. For example, to learn the Paste subject, the students were required to have knowledge about Selecting The Text Topic and either the Cut or Copy topics as shown in figure 1. Toolbar topic was stated as the additional explanation. As in other subject contents, additional explanations were prepared in two different ways: as textual documents supported with visuals and videos. All of the information including the prerequisite relations among the subjects and additional explanations in the domain model was recorded in the database.
Student model
The student model of the current system focused on the following three student characteristics: a. The student's knowledge about the subjects, b. The student's media preference during the learning process, c. The student's additional explanation display preference related with the subject s/he studied.
The structure of the first information in this system was domain-specific which describes the students' knowledge level related to the course content. The other two information were domainindependent that based on students' behaviors.
To gather data related to the three student characteristics listed above, the following methods were used:
 When a student logged on to the system for the first time, he/she was presented a pre-test. Using the answers given in the pre-test, the student's pre-existing knowledge about any subject topic in the learning environment was assessed.
 The usage information obtained throughout the interaction of the user with the system provided to gather domain-independent information and to update domaindependent and independent information. When the user opened or closed any additional explanation, the information about the student's additional explanation display preference was updated. Similarly, when the user changed the presentation type of a content interacting with the system, the information about the student's media preference was updated. When the user visited a page and displayed any content, information about students' knowledge was updated.
In the student model of our learning system, the information was stored using continuous variables. To reach and update the variable values used for student modeling, the necessary information was recorded in the database. In our system we used the overlay model and a Bayesian network. The detailed information about the structure of the Bayesian network used in this software is provided in the inference mechanism section.
The inference mechanism
The inference mechanism of this system was formed using a Bayesian network to compute the posterior probabilistic prediction. This probabilistic inference in the current adaptive system computed the posterior probabilities for the following three situations:
1. Is topic appropriate for student? 2. Is additional information shown or hidden?
3. Which type of content presentation is used?
To determine the first situation, suitability of any subject topic for a student, the Bayesian network structure shown in Figure 2 is used. Each of the nodes in Figure 2 represents a variable that affects the suitability state of the subject. The directed edges show casual links between variables. For example "suitability of any subject topic" depends on two factors (variables); "state of knowing the prerequisite" and "state of knowing the subject." There is a set of values that defines the alternative values that each variable can take in the Bayesian network. For example, the "Prior knowledge about the prerequisite subject" variable has two states, "the student has prior knowledge" or "the student does not have prior knowledge." The probability values given at the beginning for these cases are labeled as prior probabilities. For example, the probability that "the student has prior knowledge" about any subject is 0.5, as is the probability that "the student does not have prior knowledge". Conditional probabilities among the nodes that include causeeffect relations in Bayesian networks are determined. Finally, in the Bayesian network, for a given variable, the posterior probability is computed belong to prior probabilities, casual relations and observations. This posterior probability value is considered to be the prior probability value in the next calculation process. The aforementioned variables, the set of values of these variables, the prior probability values of these variables, the evidences regarding the variables at a given moment and the relations among the variables are used for the probabilistic inference about the suitability of a subject. From the values obtained at the end of this probabilistic inference, one of three results, "appropriate", "already known" and "not appropriate", is identified for the suitability of a subject. A topic is defined as "appropriate" if student has enough knowledge about the prerequisite subjects and does not have sufficient knowledge about the subject. A topic is defined as "already known" if student has enough knowledge about the subject. A topic is defined as "not appropriate" if student has not enough knowledge about prerequisite subjects.
Adaptations
In the developed system, one navigation adaptation and two content adaptations were realized belong to the inferences.
Navigation adaptation
The Link annotation method was used to show the appropriateness of topics as an adaptive navigation support in the software. This adaptation modified links with visual cues to guide users if they were ready to learn the topic. The nodes to each topic were annotated with different icons and colors displayed on the content map on the left side of the software, which is visible and usable at any time. The icon/font combination displayed on the content map categorized topics into the following three groups based on the results obtained probabilistic inference:
1. appropriate -2. not appropriate-
already known -
The content map including link annotations in adaptive web-based learning environment is displayed in figure 3. Students were not required to follow the directions of the topics provided to them in the content map. If the students clicked on a topic that was annotated as "not appropriate-" in the content map, a warning screen appeared. On this warning screen, prerequisite subjects to learn the topic were listed. The student could study any of the listed subject s/he desired by clicking on them. If the student did not want to study the prerequisite subjects, then s/he could study the topic s/he selected in the content map, even if it was not suitable. On the warning screen, prerequisite subjects were displayed on a green background, similar to the suitable subjects displayed in the content map, and the subjects that were not suitable to study were displayed on a red background. In Figure 4 , the warning screen display is shown. When the student studied by clicking on one of the subjects that exist among prerequisite subjects given in the warning screen or in the content map, the suitability of the subjects related to that subject was reevaluated, and the icons ( , , ) were updated based on the obtained values. 
Content adaptation
Additional explanation and explanation variants methods were used to adapt the content of learning system. When the user clicked on a node, if there was an additional information section containing extra knowledge about the subject, the software showed/hide the additional explanations. Additional information was either displayed or not depending on the value obtained by the inference mechanism on the additional information state. Figure 3 depicts a screen shot in which additional information was clearly displayed at the bottom while the student studied the subject. When the student studied additional information by clicking on it or closed it by clicking the "turn the information off" button, the additional information preference was updated.
The explanation variants method was used to show students the appropriate content presentation type (video or textual documents supported with visuals) when they clicked on each node. The content determination presentation type is determined according to the student's previous preferences. Each time the user changed the presentation type, the presentation preference was updated, and a new value was calculated for the presentation type.
Data Collection Tools and Procedure
At the beginning of the treatment, two academic achievement tests were administered to measure students' pre-existing knowledge on the domain. One of the academic achievement tests was in a multiple-choice format and one in a practical test format. According to the pre-application of the multiple-choice achievement test, KR-20 Reliability Coefficient was calculated to be 0.72. After computing discriminating power of each item, 15 items with discrimination coefficients of less than 0.20 were removed from the test, and a multiple-choice achievement test with 40 questions was created. The average difficulty level of the items in the test was 0.53.
Then to collect data about the students' perception of self-efficacy with regard to the course, the MSLQ was administered. The MSLQ was originally developed by Pintrich, Smith, Garcia and McKeachie (1991) and translated into Turkish by Büyüköztürk et al. (2004) . This likert-type questionnaire includes two-part. First part assesses college students' motivational orientations and second part assesses their learning strategies (Pintrich, et al., 1991) . Participants rated each statement for a particular college course on a continuum from very true of me (7) to not at all true of me (1). For the purposes of this study, 8-item section of the MSLQ that assessed selfefficacy sub factor was used.
After collecting data about students' pre-existing knowledge and perception of self-efficacy, research participants were randomly assigned into the experimental and control group, matching through these personal characteristics. Experimental group assigned to the adaptive learning system and control group assigned the non-adaptive one. In the second week the participants were introduced to system through a step-by-step demonstration of all features available within system. In this familiarization session system had a different content "Research Techniques".
After introduction part, both students in experimental and control group studied this content in the web learning system.
In the third, fourth and fifth weeks, during two-hour sessions the experimental group worked at the adaptive web-based learning system and experimental group worked at the non-adaptive system including the content about basic skills needed to use the document and word processing software "Microsoft Office Word." At the end of the three-week course, the students were asked to complete a non-linear media disorientation assessment tool and an on-line questionnaire. In addition, data were collected through user logs to compute revisitation rates and content map using rate.
To assess the students' perceived disorientation, the Non-Linear Media Disorientation Assessment Tool, which was originally developed by Beasley and Waugh (1995) and translated into Turkish by Karadeniz and Kılıç (2004) , was used. This tool is a 5-point Likert-type selfreport scale with seven questions. The lowest score that can be obtained from the scale is 7, whereas the maximum score is 35. Lower scores on this scale indicate lower perceived levels of disorientation and higher scores indicate higher disorientation levels.
A questionnaire with 3 parts including open-ended questions was conducted at the end of the course. The first part focused on the participants' demographic information, the second part was related to the participants' satisfaction about the system, and the third part was designed to assess students' opinions regarding the components of the environment and learning experiences.
In the literature, it has been observed that some measurements can be calculated by analyzing navigation data to predict users' disorientation. In the current study, each of the students' navigation trails during the application was recorded in the MySQL database. Using these recorded data, the revisitation rate, which is an objective measurement, was calculated.
Revisitation rate is average rate of revisits to pages which were visited at least twice (Herder, 2003) . The revisitation rate is calculated with the mean number of returns per node. For example, in a navigation that included the pages visited and number of visits shown in Table 1 , the revisitation rate is calculated with the formula below and the revisitation rate of a student who followed that navigation structure is computed as 3. The rate of students' use of the content map as a navigation tool was calculated according to looking at their overall use of navigation tools on both days. The percentage of content map use was calculated by taking into account the number of times students used the content map and the total number of hits on any of the navigation tools. For example, if visited pages and used navigation tools to navigate among these pages is as shown in Table 2 , the rate of using of the content map as a navigation tool is calculated with the below formula and computed as 33.33%. 
Findings
In this section, the navigations of students studying with adaptive and non-adaptive web-based learning environment are discussed in terms of three factors: perceived disorientation, rate of content map use as a navigation tool and revisitation rate. The findings on these factors are presented below.
Perceived Disorientation
Our first hypothesis was that the experimental group would have lower perceived disorientation scores than the control group. To explore this hypothesis, we computed students' perceived disorientation scores. Then an independent-samples t-test was conducted to compare perceived disorientation scores of control group and experimental group. According to the results in Table   3 , the perceived disorientation scores (M = 13.28, SD = 3.35) of students studied to the adaptive environment were lower than the scores (M = 15.17, SD = 3.99) of students studied to the nonadaptive environment, t(65) = 2.08, p < .05. 
Revisitation Rates
Revisitation rate is one of the proposed objective measures of disorientation which is computed from log records. Herder (2003) showed that revisitation rate is a good indicator of disorientation in his experimental study (r=-0.417; p<0.022) . To analyze whether there is a significant difference between the revisitation rates of the students studied in adaptive and nonadaptive web-based learning environments, a t-test was performed. The findings from the independent samples t-test are shown in Table 4 . Due to the independent samples t-test analysis, there is a significant difference between the revisitation rates of the students in control and experimental groups, t(65) = 3.18, p < .05. In other words, the revisitation rates (M = 5.28, SD = 1.26) of students in the adaptive environment are lower than the revisitation rates (M = 6.34, SD = 1.43) of students in the non-adaptive environment.
Preferences in Using Navigation Tool
To explore whether the adaptations in learning environment effects on the students' navigation tool using preferences, firstly we computed the percentage of content map use. Then, we used independent samples t-test to compare content map use scores of students in experimental and control groups. The summary results of the t-test are presented in Table 4 . As it can be seen in Table 4 , for the students' rates of content map use as a navigation tool, there was a significant difference between control and experimental group, t(65) = 3.18, p < .001. The rate of content map use as navigation tool is significantly higher in the adaptive web-based learning environment group (M = .75, SD = .18) than that for the students who studied in the non-adaptive web-based learning environment (M = .44, SD = .36). In other words, when the link annotation method was used in the content map, the students' preference of using content map as a navigation tool increased significantly.
The qualitative data, which were collected through online student questionnaires, also supported this finding. Students stated that "Visual hints in the content map" were one of the most liked features in the adaptive learning environment. Students' responses about the most liked features in the adaptive learning environment were themed into the four major themes; content presentation through video-audio (56.25%), clear delivery (21.88%), availability of visual hints in the content map (15.63%) and opportunity for repetition (15.63%). This finding becomes more important because it was obtained from an open-ended question, without any prompting from the researcher and the learners were inexperienced web-based system users and had never used a similar system before. Moreover, twenty-six of the students (81.25%) thought that the icons in the content map correctly guided them with regard to the relevance of topics and stated the benefits of visual hints on the content map. One student stated: "The content map helped me to a great extent. It allowed moving without having to visit the page I was working on and I could see where I was." Another student stated: "It was helpful for me. I have realized what I was doing and what I needed to do." Considering qualitative results, the reasons for the increased content map use can be explained as following. The opportunity to see non-appropriate subjects in the content map and to navigate to the prerequisite subjects via a warning screen led the user to see the relations between topics and this guidance provided them to feel more comfortable.
Following the Adaptive System's Recommendations
To determine whether students who studied adaptive learning system follow the system's advices about the suitability of the subjects, the statistics about the number of clicks on the nonappropriate subjects in the content map are given as frequency (f) and percentage (%) in Table 6 . Students who have clicked five times 2 6,25
Total 32 100
As shown in Table 6 , the students, clicked on a very small number of inappropriate subjects in the software. It is remarkable that none of the students clicked on inappropriate subject more than five times. Furthermore, four students did not click on any inappropriate subjects. These statistics show that students tend to substantially accept and follow the system's advice about the suitability of subjects.
When a student clicked on inappropriate content ( ), a warning screen appeared. On this screen, there was a list of prerequisite subjects that were needed to learn the inappropriate content. The students could then navigate to these prerequisite subjects from this screen or visit the inappropriate content. Twenty-five of the participating students (78, 13%) reported that to see the list of prerequisite subjects and to access them from the warning screen contributed to their learning. For example a student commented:
"When I attempted to visit a non-appropriate subject, warning screens contributed my learning by showing which subjects to prioritize."
Another student said:
"This way, I cannot start the subject without preparation, and I access information accurately." Somyürek, S. & Yalın, H. İ. (2014) . Adaptive learning systems: Supporting navigation with customized suggestions. International Journal of Human Sciences, 11(1), 55-77. doi: 10.14687/ijhs.v11i1.2663 72 The questionnaires also revealed that link annotations in the content map eased navigation. A response was as following:
"As all details are listed in the content map, navigation was easy."
Discussion
Adaptive learning systems aim to provide a learning environment that adapts to the each student's personal needs or desires by helping them in finding out the relevant and meaningful information (Brusilovsky, 2003; Chen, 2002; Koch, 2000, p: 3; Güven Smith, 1999, p: 24) . One of the two adaptation technologies, navigation adaptation, aims to minimize the problems that an individual may experience during navigation. Link annotation method is based on informing the users about the current state of the nodes (Da Silva et al., 1998; Brusilovsky, 1998; Brusilovsky, Pesin and Zyryanov, 1993) . Link annotation technique presents to the user the full hyperspace, but directs the user's attention to the relevant links, with suggesting links to follow (Eklund & Sinclair, 2000) . In this study, the link annotation method was offered to the students in real time through the visualizations associated with the suitability of the subjects (appropriate, already known and not appropriate) in the content map. The inference of whether or not a subject was appropriate was based on the current knowledge of the student and the prerequisite relations among the subjects in the software. Students' current knowledge is important because prior knowledge supplies cognitive resources for navigating the appropriate nodes in a non-linear environment (McDonald & Stevenson 1998; Rouet, 2003; Amadieu et al, 2009 ). Prerequisite relations among the subjects are also critical since students lacking prerequisite knowledge which needed to learn the new knowledge do not significantly profit from instruction at all (Tobias, 1981 ; cited by Jonassen & Grabowski, 1993 pp. 420) . So modeling mechanisms focused on these two concepts.
The findings of the research showed that the visual hints in the content map decreased students perceived disorientation. Disorientation is one of the most cited problems in hypermedia systems (Rivera-Nivar & Pomales-García, 2010; Amadieu, Tricot & Mariné, 2010; Oostendrop, Madrid & Melguizo, 2009; Webster & Ahuja, 2006; Chen, 2002; McDonald & Stevenson 1998; Dias & Sousa, 1997; Ahuja & Webster, 2001 ) which results learners can miss at least some of the relevant content in the system and so, may hinder their learning performance (Mitchell, Chen, & Macredie, 2005) . Many researchers suggested that navigational advice would help to reduce this problem (Ruttun & Macredie, 2012; Chen, 2002; Brusilovsky, 1998; de La Passardiere &Dufresne, 1992; Jonassen, 1992; Costa Pereira et al, 1991) , however, there were only a few empirical evidence in the literature which focused on the effects of link annotations on users' disorientation (Juvina and Herder, 2005) . Perceived disorientation is a subjective measure of disorientation which is measured by directly asking user to indicate feelings regarding disorientation, using a questionnaire. The empirical results presented in this paper showed that students perceived themselves as less disoriented when they studied through a learning system with link annotations. This result makes an important contribution to the literature while there are limited experimental studies about adaptive annotations effect on disorientation.
Several studies use metrics generated from analyses of user-system interactions data to measure disorientation (Herder and Juvina, 2004; Juvina & Oostendorp, 2006; Gwidzka and Spense, 2007) . For example, Herder (2003) indicated that return rate is strongly associated with disorientation. A significant decrease of the number of repeated visits to the same node for students studied with adaptive navigation technique was reported in some studies (Brusilovsky & Pesin, 1998) . This study also indicated significantly reduced revisitation rate for the students in the experimental group. This result is important as it supports the previous finding that these students who studied in an adaptive environment experienced less perceived disorientation.
To explore the effects of adaptive system on students' navigation, the use of content map among other navigation tools also examined. The results showed that the rate of content map use as navigation tool is significantly higher in the experimental group than control group. The qualitative data, which were collected through online student questionnaires, also supported this finding. Similar results were also obtained in a previous study held by Brusilovsky and Eklund (1998) . In their study, which was conducted with 25 undergraduate students using the InterBook system, inexperienced users, who typically preferred to progress sequentially by using "nextprevious" buttons, used the content map with link annotations more often than a "Continue" button that did not include a link annotation. They interpreted this finding as the link annotations encouraged users to navigate non-linearly.
Conclusion
Adaptive hypermedia, which is a fairly new but quite popular research field, has a great potential for adoption in education, with the capability to present customized pages/links to learners according to their goals, interests or knowledge. The requirement of more empirical studies about the effects of adaptive learning systems on navigation was the primary motivation for this study.
So, this work examined the effects of an adaptive learning system on students' navigation. The data collected from both the questionnaires and the log-based metrics showed that the adaptations make users' navigation more comfortable by reducing perceived disorientation and revisitation rates. Disorientation is one of the major difficulties associated with the use of hypermedia. Perceived disorientation, a subjective indicator of users' disorientation, and revisitation rates, an objective measure of users' disorientation, were evaluated in this study. The results showed that both measures were significantly lower for experimental group than control group. The presence of link annotations also caused significantly higher content map use as navigation tool. Users enjoyed getting guidance to navigate and they generally follow the system's advices about navigation.
Considering the results of this study, our adaptive web based learning system have proven its successfulness for helping to support students navigation and to reduce their disorientation by providing link annotations according to students prior knowledge and prerequisite relations between the topics. In this context, new web based learning systems and learning-management systems may be developed with adaptations that take account similar user characteristics and domain concept relations. Future studies can also focus limitations and advantages of the adaptive learning environments with larger number of participants who are more experienced studying in web based learning systems. Future investigations may examine different navigation adaptation techniques' effect on students' navigation.
